I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Gastrostomy is an essential surgical intervention for paediatric patients with feeding disorders or swallowing dysfunctions and who have severe motor and intellectual disabilities (SMID) or congenital oesophageal atresia. Gastrostomy procedures for paediatric patients include the Stamm, Witzel, and percutaneous endoscopic gastrostomy (PEG) procedures, which may be performed under laparotomy or laparoscopically.

Many patients with SMID experience gastro-oesophageal reflux, with gastrostomy performed in conjunction with anti-reflux surgery, such as laparoscopic Nissen fundoplication. Patients with congenital oesophageal atresia are frequently treated with radical surgery during the neonatal period, and many undergo gastrostomy under laparotomy. Gastrostomy can improve the quality of life of paediatric patients, but many patients who undergo Nissen fundoplication experience persistent gastrostomy site infection (PGSI).\[[@ref1]\] This condition is characterised by inflammation due to leakage of gastric contents from the stomach surrounding the gastrostomy tube. This, in turn, causes erosion of the skin, making the stomach wall thinner and the orifice of the fistula larger. Some patients must undergo re-gastrostomy because of dilatation of a gastric fistula.\[[@ref1]\]

The purpose of this study was to clarify the risk factors for the occurrence of PGSI in patients who underwent Nissen fundoplication and gastrostomy.

P[ATIENTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

The medical records of all patients who underwent Nissen fundoplication and gastrostomy between 2002 and 2013 in our institution were examined \[[Table 1](#T1){ref-type="table"}\]. Patients were divided into those who did and did not experience PGSI. Patient factors associated with the onset of PGSI and perioperative management were examined. Risk factors analysed included age at surgery, gender, operative procedure, use of postoperative ventilator management (yes/no), migration of the gastrostomy tube towards the pylorus (yes/no), bacterial culture results, and length of hospital stay. Factors in the two groups were compared statistically by Mann--Whitney U-test to determine if PGSI caused inflammation. Statistical significance was defined as *P* \< 0.05.

###### 

Demographic characteristics of patients undergoing Nissen fundoplication and gastrostomy procedures

  Total                                                 Number
  ----------------------------------------------------- ------------------
  Patients                                              40
  Gender (male:female)                                  25:15
  Age at surgery (median), years                        12.8±23.9 (11.0)
  Operative procedure                                   
   Open Nissen fundoplication and gastrostomy           20
   Laparoscopic Nissen fundoplication and gastrostomy   20

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Forty patients underwent Nissen fundoplication and gastrostomy, including thirty with severe neurological impairment and ten with spinal muscular atrophy and Hunter syndrome. Median age at surgery was 11 years (range, 1--49 years), with twenty patients each undergoing laparoscopy and laparotomy \[[Table 1](#T1){ref-type="table"}\]. Gastrostomy was always performed using the Stamm method. Of the forty patients, four developed PGSI, including three with SMID and one with spinal muscular atrophy Type I.

Three of the four patients with PGSI required positive pressure ventilation during the perioperative period (*P* \< 0.005). Migration of the gastrostomy tube towards the pylorus (*P* \< 0.001) was significantly correlated with the onset of PGSI \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

Complications of positive and negative persistent gastrocutaneous fistula at gastrostomy site

  Persistent gastrocutaneous fistula                Yes          No            *P*\*
  ------------------------------------------------- ------------ ------------- ------------
  Patients                                          4            36            
  Gender (male:female)                              2:2          23:13         0.5909
  Age at surgery (range), years                     11 (6-49)    9 (0-48)      0.1549
  Operative procedure (open laparoscopic)           1:3          19:17         0.2980
  Perioperative positive pressure ventilation (%)   3/4 (75)     5/36 (13.8)   0.0042\*\*
  Tube migration towards the pylorus (%)            3/4 (75)     1/36 (2.7)    0.0000\*\*
  Hospital stay (range), days                       23 (10-67)   15 (8-251)    0.2590

\*Mann-Whitney U-test, \*\**P*\<0.05

###### 

Characteristics of patients with persistent gastrocutaneous fistula

  Patient number   Age at surgery (years)   Gender   Underlying disease               Length of positive pressure ventilation after surgery (days)   Tube migration towards the pylorus   Bacterial culture                               Hospital stay (days)
  ---------------- ------------------------ -------- -------------------------------- -------------------------------------------------------------- ------------------------------------ ----------------------------------------------- ----------------------
  1                6                        Female   SMID\*                           2                                                              No                                   *Pseudomonas* species                           10
  2                36                       Female   SMID\*                           0                                                              Yes                                  *Candida albicans*                              23
  3                49                       Male     SMID\*                           7                                                              Yes                                  Methicillin-resistant *Staphylococcus aureus*   41
  4                11                       Male     Spinal muscular atrophy Type I   2                                                              Yes                                  *Klebsiella oxytoca*                            67

\*SMID: Severe motor and intellectual disabilities

All the four patients with PGSI were treated conservatively, by removal of the 14Fr gastrostomy tube and replacement with an 8Fr tube. After contraction of the gastric fistula and resolution of the inflammation around the fistula, the 14Fr gastrostomy tube was reinserted \[[Figure 1](#F1){ref-type="fig"}\]. Only one patient, however, required enterostomy because the period of fasting was long. No recurrence has been observed.

![(A) Persistent gastrocutaneous fistula. (B) Treatment for persistent gastrocutaneous fistula. (C) After the persistent gastrocutaneous fistula is repaired, the gastrostomy button is replaced by one of the original thicknesses](AJPS-14-21-g001){#F1}
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========================

Among the various conditions that necessitate paediatric gastrostomy are intake disorders due to diseases caused by central nervous system dysfunction, laryngeal dysfunction, dysphagia due to abnormality or malformation of the larynx, and narrowing of the oesophagus. Because of its high risk, the PEG method is often avoided in children with severe physical and mental disabilities, including those with marked scoliosis, particularly to the right side, causing trunk deformation and positioning of the stomach above the costal arch and those in whom the colon and small intestine are always dilated because of chronic gastrointestinal motility disorder, which is often observed in children with disabilities. Rather, these children are often treated by gastrostomy, whether under direct vision by laparotomy or under laparoscopic guidance.\[[@ref2][@ref3]\] The PEG method has also been reported inappropriate for neonates and infants because of the fragility of tissues and smallness of the body surface area and stomach capacity.\[[@ref4]\] Thus, in our department, the Stamm procedure, which avoids inadvertent puncture of other organs, was selected for gastrostomy in infants with severe physical or mental disability, showing marked trunk deformation, and neonates with congenital malformations such as oesophageal atresia.

Complications may occur during the management of gastrostomy, regardless of whether PEG or the Stamm procedure is used. Patients may develop peritonitis because of the leakage of contents from the gastrostomy, catheter removal, catheter perforation, gastric ulcer, pyloric stenosis, hernia, wound infection, wound open, or difficulties closing a stomach fistula.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] Complications of paediatric gastrostomy were reported in 40 (16.7%) of 240 patients, with 24 (10%) showing leakage from the gastric fistula, 7 (2.9%) showing wound infection and wound opening, and 5 (2.1%) showing intraperitoneal gastric fluid leakage.\[[@ref7]\] Another study reported that 19 (15.8%) of 280 patients experienced complications.\[[@ref8]\]

Peri-gastric fistula inflammation due to the leakage of stomach contents from the gastric fistula is one of the most common complications of gastrostomy. This leakage and inflammation may cause tissue destruction and skin erosion, as well as destroying subcutaneous fat and making the layer between the skin and stomach thinner. Subsequently, puncture holes gradually increase in size, even the catheter is changed to a larger size, organisation is weakened, and the pores become bigger, forming a labial gastric fistula after loss of the gastric mucosa. Postoperative convulsions and hypertonia infants with severe physical and mental disability may become obstacles to wound and fistula resolution and the risk of complications is high, making postoperative drug treatment essential.\[[@ref1]\]

Increases in abdominal pressure accompanying respiratory disease, heart disease, aspiration, and tension could cause leakage from the gastrostomy. The Stamm procedure recommends that the gastrostomy tube should be inserted through an independent site.\[[@ref1]\] In children, however, direct insertion of the gastrostomy tube through the laparotomy site can minimize the wound. However, once the gastric mucosa becomes exposed and a labial fistula forms, re-gastrostomy may be required.

Re-gastrostomy not only increases the size of the laparotomy incision, but also the surgical invasion itself will become more marked because of adhesions in the abdominal cavity. To prevent complications, care should be taken in performing gastrostomy in infants, keeping in mind that gastrostomy for infants is never a minor operation.

PGF is treated at our institution by temporarily placing a small tube in the fistula to relieve the area around the gastrostomy site, inserting a feeding tube through the nose, and after healing of the gastrocutaneous fistula, reverting to the previous-sized gastrostomy button. This method has yielded favourable outcomes without recurrence.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Risk factors for PGF after Nissen fundoplication included an increase in the internal pressure of the stomach caused by positive pressure ventilation during the perioperative period and pyloric obstruction caused by migration of the gastrostomy tube towards the pylorus. Treatment of PGF included relieving the fistula and allowing inflammation around the fistula to subside, followed by reinsertion of a 14Fr gastrostomy tube.

PGF following Nissen fundoplication may be prevented by paying attention to the site and depth of insertion of the gastrostomy tube and the size of its balloon, as well as to respiratory management during the perioperative period.
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